Aging cylinders excised from 'Golden Delicious' apple (Pyrus malus L.) pulp, like the intact fruit, exhibit some characteristic phenomena such as rise in respiration (climacteric), ethylene synthesis, enzymic changes, and increase in ribosomes and mRNA. Aging of cylinders of pulp tissues may offer a useful physiological tool for the study of maturation and senescence.
It is classic to link the start of the physiological study of fruit with the pioneering works of Blackman and Parija (3) and Kidd and West (13) . They were, with some others, the first authors to attract attention to the relations existing between the metabolic activity of tissues and the quality of the final product. Observations led to a good knowledge of external factors affecting fruit and quality evolution. Internal factors, i.e. regulatory mechanisms, were also investigated. It soon became apparent that these studies require the ability to modify cell metabolism by using inhibitors, plant hormones, or labeled metabolites. Such an approach is difficult to carry out on an intact fruit. Solutions may be introduced by means of vacuum infiltration (7, 8) , injection into locular cavities (12, 17) , or by boring a well into the center of the fruit (1, 9) . These methods are not convenient for all fruits and have some drawbacks. Furthermore, the fruit is a complex organ, and the correlations existing between its different parts are not well known.
Many researchers have reached for more appropriate experimental systems to study the mechanisms of maturation or, more generally, of senescence. In 1974, Tingwa and Young (23) showed that avocado slices can ripen in wet air. Since 1978, we have been interested in the aging of cylinders excised from the pulp of apple and pear ( 11) and placed subsequently onto an agar medium. In this report, we describe some results related to the 'Golden Delicious' apple. MATERIALS (14) . Eight flasks, each containing four cylinders from different fruits, were used for each measurement. After respiration measurement, tissues were frozen in liquid N2, then lyophilized, and stored at low air pressure (about 10 Torr) in appropriate bottles for subsequent isolation of ribosomes and enzymes assays. Under these conditions, tissues can be stored at 20°C for at least 3 years without noticeable change ofpolysome profiles or ofenzymatic activities.
Ethylene Output. Ethylene production was measured on five cylinders placed in modified jars allowing gas exchanges. The same cylinders were followed throughout. Jars were closed daily for 0.5 or 1 h and gas samples were obtained from the head space. The same method was used with test fruits and blank vessels. Gas samples were analyzed by means of a Girdel model 3000 flame ionization gas chromatograph equipped with a 152 x 0.32 cm column packed with 100 to 120 mesh activated alumina. Each point represents the mean of six different measurements.
Extraction and Enzyme Activities. Extraction procedures, using lyophilized tissues, are described elsewhere (10) . Activities were measured spectrophotometrically in a volume of 3 ml at 25°C with conventional methods (2) the enzyme solution was first incubated 30 min at 30°C with KCN. Changes in A were followed at 340 nm (ME, MDH, ADH, GOT), and 600 nm (SDH). Calculated SE was found to be less than 6% of the mean (eight extracts of the same material/two assays). For routine work, two aliquots of each extract were assayed for enzyme activity.
Gel Electrophoresis. Procedures of electrophoresis on polyacrylamide gels and specific staining of gels were conventional and are described elsewhere (4, 18) except that the concentration of polyacrylamide was raised to 8.5% (w/v).
Polysome Extraction Procedure and Polysomal Profiles Analysis. The procedure, as previously described (5), was conducted at 0 to 4°C on lyophilized tissues.
After density gradient centrifugation, the contents ofthe tubes were analyzed. The different regions of the polysomal profiles were: subunits, monosomes, small polysomes between dimers (2-mers) and pentamers (5-mers), and large polysomes sedimenting faster than pentamers. The areas corresponding to each class of polysomes (2-, 3-, 4-, and 5-mers, large polysomes) were measured and divided by the number of ribosomes in polysomes of that size class as previously described. The values represent the relative contents of mRNA strands in each polymeric class. Since several assumptions have to be made (5), we used arbitrary units. As for the total ribosomal content (i.e. total area), one unit represents about 0.45 ,Ag RNA/g dry weight. The range of calculated concentrations oftotal ribosomal RNA is consistent with the low RNA content of the apple fruit which is about oneseventh of that of the green cherry (unpublished results). Each point represents the mean of three measurements. (Fig. 1B) . We speculate that this rise is a consequence of the stress of excision and may be compared with the 'induced respiration' described by Laties (16) and present in storage organ tissues such as potato, beet, and carrot but not limited to them (21 Ethylene Production. Beginning of aging is followed at day 5 by a sharp rise in ethylene production with a maximum on day 6. A second maximum which occurs on day 17 is concurrent with the respiration (climacteric) of test fruits (Fig. 1, C and D) . It may be noted that respiration and ethylene production exhibit a very similar evolution in aging tissues and in test fruits as well.
RESULTS
Enzyme Activities. Results relative to aging tissues excised immediately after harvest are plotted on Figure 2 . Days following excision are characterized by slight increases of activities about day 7 except GOT activity which exhibits a sharp rise.
After this period the respiratory maximum on day 14 is concurrent with rises of ADH, GOT, ME, and MDH activities while SDH activity remains unchanged (the small rise of ME activity is significant). During the over-ripening period, ADH activity decreases, SDH activity increases up to a maximum before death of tissues, and ME, MDH, and GOT exhibit two waves of increasing activity. When tissues are excised after 1-month storage at 4°C, the evolution is similar but more rapid (Fig. 3) . When compared with control fruits, the pattern seems to be similar except that ME and MDH activities increase regularly after the respiratory peak (Fig. 4) . After 50 or more d of storage, control fruits exhibit no important damage such as internal browning but do exhibit increasing rates of MDH and ME activities, contrary to aging tissues.
Results obtained with disc electrophoresis indicate that some bands are observed only with aging tissues (MDH, PER). On the other hand, the intensity of staining varies when comparing the beginning with the end of the experiment. Moreover, senescence seems not to be accompanied by the appearance of new enzyme forms.
Polysomes. Representative profiles of the polyribosomes extracted from aging tissues have been obtained. The surface areas under the different portions of the profiles are measured (Table  I) , and the amount of available mRNA is followed (Fig. 5) .
Aging Tissues Excised just after the Harvest. An increase in polyribosomes and mRNA on day 2 is followed on day 4 by a decrease affecting large polysomes. On day 6, an increase in ribosomal material and mRNA is due to an increase in polysomes and large polysomes which remain at a high percentage level until day 9 before decreasing, while the amount of polyribosomes and mRNA decreases until day 16. Then, after the increase in respiratory activity which occurs on day 14, the amount of ribosomes, mRNA, and polyribosomes increases sharply on days 18 and 33.
One can conclude that, after the initial increase in polyribosomes and mRNA due to the excision, the aging oftissues excised immediately after the harvest is characterized by three peaks of polyribosomes and mRNA, the first one occurring before the respiratory peak, to which it is probably related.
Aging Tissues Excised after I Month of Cold Storage. The evolution in polyribosomes and mRNA is similar to the one previously described. After the 'wound peak' of mRNA and ribosomes, which occurs on day 3, a sharp increase in mRNA and large polysomes occurs on day 6. After the respiratory peak which takes place on day 1 Figure 6 and Table I show that, without prior storage at 4C, apple fruits stored at 1 5C exhibit a synthesis ofribosomes (found only in pulp tissues) on day 11 which has been previously linked with ethylene synthesis prior to increased malic enzyme activity and the respiratory climacteric on day 15 (6) . After this sequence of events, post-climacteric apples show two different increases in amounts of linked mRNA ribosomes on days 29 and 47.
During the aging of tissues excised just after the harvest, the same results as above followed the wound peak ofribosomes and mRNA but appeared more rapidly, i.e. the increase in ribosomes and mRNA on day 6 is followed respectively on days 12, 14, and 15 by a synthesis of ethylene, an increase of malic enzyme activity, and the respiratory peak. Then, two increases in mRNA and ribosomes synthesis occur on days 18 and 33, followed by increased enzyme activities (Fig. 2) .
After 1 month of cold storage, which allows a slow ripening, the same results as above are found in intact fruits and aging tissues while the different peaks occur more rapidly than described above. After 3 months of cold storage, pulp and aging tissues are in the post-climacteric phase.
As for pear fruit, the processes of senescence and death observed during the aging of cylinders excised from apple tissues are not necessarily identical with what occurs in the senescent apple, because interactions between organ, tissues, and cells are modified during aging. Nevertheless, the same chronology of events which occurs during fruit senescence and the aging of excised pulp tissues brings forth the following question: do aging cylinders undergo a ripening process similar to the one of intact fruit?
Except for the first days of aging, the answer is yes despite some differences in timing and intensity. To draw comparisons between phenomena occurring at two levels of organization is hazardous, but we can conclude that aging tissues may offer a suitable model for the study of senescence (ripening). A comparative study of senescence genetic control has to be made at the organ and tissue level with particular interest in the mechanisms governing protein syntheses. We are now measuring the amount of poly(A) RNA and studying the in vitro translation of polysomes and mRNA. A comparison of the polypeptides translated by aging fruits and cylinders may provide information on gene activation or repression during excision and aging.
